An attempt was made to use a simple procedure to obtain (R)-and (S)-2-aminobutanoic acids [(R)-and (S)-1] which are non-proteinogenic -amino acids and are useful as chiral reagents in asymmetric syntheses.
Optically active 2-aminobutanoic acid (1) is useful as a chiral reagent in the synthesis of medical supplies. For example, (S)-1 can be expected as a chiral material for the synthesis of levetiracetam as an antiepileptic agent. 1, 2) Synthetic (RS)-1 has been subjected to optical resolution [3] [4] [5] [6] to obtain (R)-and (S)-1 because they are non-proteinogenic -amino acids. In our previous paper, 3) ammonium (RS)-2-acetylaminobutanoate was found to exist as a conglomerate and was optically resolved by preferential crystallization to obtain (R)-and (S)-1. Optical resolution by 'replacing crystallization' is one procedure for obtaining enantiomers from a conglomerate, and is achieved by allowing an optically active co-solute to coexist in a racemic supersaturated solution without providing a small amount of the enantiomer as seed crystals. 4) Ammonium (RS)-2-acetylaminobutanoate has been optically resolved by using ammonium N-acetyl-(S)-alaninate as the optically active co-solute. 4) However, preparation of the racemic ammonium salt and hydrolysis of the resolved (R)-and (S)-salts are tedious processes. We therefore attempted to obtain (R)-and (S)-1 by more simple and efficient optical resolution by replacing crystallization.
(RS)-2-Aminobutanoic acid p-toluenesulfonates [(RS)-2] are known to exist as a conglomerate. 5) We attempted the optical resolution by replacing crystallization of (RS)-2 by using various (S)-amino acid ptoluenesulfonates, such as (S)-methionine p-toluenesulfonate [(S)-3] and (S)-alanine p-toluenesulfonate [(S)-4], as optically active co-solutes. Although it is possible to employ (S)-4 as the co-solute, (S)-2 crystallized from the racemic solution was revealed by its 1 H-NMR spectrum to contain 40 mol % (S)-4. Similarly, (S)-serine and (S)-phenylalanine p-toluenesulfonates as the co-solutes gave (S)-and (R)-2, respectively, which each had an optical purity of less than 50%. Of these co-solutes, (S)-3 gave a good result. When (S)-3 was present in a supersaturated solution of (RS)-2, (R)-2 was preferentially crystallized from the racemic solution, as suggested by the solubility data summarized in Table 1 .
Optical resolution was attempted by stirring a mixture containing 10.0 mmol (2.753 g) of (RS)-2 and 1.50-3.33 mmol of (S)-3 in 20 cm 3 of 1-propanol for 50 min at 5 C. The 1 H-NMR spectrum indicated that crystallized 2 was free from (S)-3. 
where OP (%) is the optical purity of obtained (R)-2 and was calculated from the specific rotation of authentic (R)-2: ½ 25 D À11:6 (c 1, methanol). 5) The results are shown in Fig. 1 .
The crystallized amount of (R)-2 decreased rapidly with increasing amount of (S)-3. On the other hand, when 1.5 mmol of (S)-3 was employed, the crystallized amount of (S)-2 was half the amount of (R)-2. Compound (S)-2 was hardly crystallized in the presence of a larger amount of (S)-3, and hence crystallized (R)-2 had an optical purity of over 80%.
Based on the above results, a solution of (RS)-2 (10.0 mmol) was stirred for 20-90 min in the presence of 2.00 mmol of (S)-3, as shown in Fig. 2 .
Compound (R)-2 was rapidly crystallized during the first 20-70 min, and then the crystallized amount of (R)-2 in 70 and 90 min was approximately constant. On the other hand, (S)-2 was hardly crystallized under these conditions, although the crystallized amount of (S)-2 tended to slightly increase with prolonged stirring. Therefore, (R)-2 with an optical purity of 83% was obtained with the highest degree of resolution (87%) by stirring for 70 min: ½ where the solubility of (R)-2 is 1.072 g in the presence of 2.00 mmol of (S)-3 in 20 cm 3 of 1-propanol at 5 C. The degree of resolution is defined as the yield (%) of the (R)-2 enantiomer, based on the supersaturating portion of (R)-2 in a racemic solution, and indicates the efficiency of optical resolution; the supersaturating portion of (R)-2 means the theoretical yield (g) of (R)-2. After collecting (R)-2 by filtration, (S)-2 could not be crystallized from the filtrate, despite vigorous stirring in an ice bath. Therefore, optical resolution was carried out by using (R)-3 (2.00 mmol) as the co-solute by stirring for 70 min at 5 C in a manner similar to that just described, to give (S)-2 with an optical purity of 85% and a degree of resolution of 85%: ½ 20 D þ10:6 (c 1.00, methanol).
Partially resolved (R)-and (S)-2 were recrystallized from 1-propanol to give optically pure (R)-and (S)-2, as described in the Experimental section. For example, optically pure (R)-2 (1.77 g) was obtained from (R)-2 (4.00 g) with an optical purity of 51%, and optically pure (S)-2 (1.41 g) from (S)-2 (3.60 g) with an optical purity of 50%. Purified (R)-and (S)-2 were treated with triethylamine in methanol to give (R)-and (S)-1 in optically pure forms.
Experimental
General. Specific rotation data were measured at 589 nm and 20 C with a Horiba Seisakusho SEPA-300 auto polarimeter equipped with a quartz cell with a 10.0-cm path length.
1 H-NMR and 13 C-NMR spectra were recorded by a Jeol JNM-AL400 FT NMR system in deuterium oxide with sodium 3-(trimethylsilyl)propane-1-sulfonate (DSS) as an internal standard. Chemical shifts are reported in units downfield from DSS. 
Compounds (RS)-, (R)-, and (S)-1, (R)-and (S)-methionine
, and p-toluenesulfonic acid monohydrate were purchased from Wako Pure Chemical Ind.
Preparation of the amino acid p-toluenesulfonates. After dissolving (RS)-or (R)-1 (10.3 g, 0.100 mol) and ptoluenesulfonic acid monohydrate (19.0 g, 0.100 mol) in 50 cm 3 of water, the solution was evaporated to dryness in vacuo at 60 C, and then acetone (100 cm 3 ) was added to the residue. The mixture was allowed to stand overnight at 5 C. Compound (RS)-or (R)-2 was collected by filtration and dried.
Compounds (R)-and (S)-3 were prepared from (R)-and (S)-methionine (14.9 g. 0.100 mol) and p-toluenesulfonic acid monohydrate (19.0 g, 0.100 mol) in a manner similar to that used to obtain (RS)-and (R)-2.
Compound (c 1.00, methanol). 1 H-and 13 C-NMR spectra were virtually identical to those of (S)-3.
Optical resolution by replacing crystallization. Compound (RS)-2 (2.753 g, 10.0 mmol) and (S)-3 (0.482-1.070 g, 1.50-3.33 mmol) were dissolved in 20 cm 3 of 1-propanol at 60 C. After cooling the solution to 5 C over a period of 60 min and then stirring by a magnetic stirrer for 50 min at 100 rpm and 5 C, precipitated (R)-2 was collected by filtration and dried.
Compound (R)-2 obtained by using 1.50 mmol of (S)-3: yield, 0.526 g; ½ À1 , and that of (R)-2 at 5 C was 1.022 g (20 cm 3 of 1-propanol) À1 . Compound (RS)-or (R)-2 (2.753 g) was dissolved in a solution containing 0.645 g of (S)-or (R)-3 in 20 cm 3 of 1-propanol at 60 C. After vigorously stirring the solution for 10 h at 5 C, precipitated 2 was rapidly collected by filtration and thoroughly dried. The solubility of (R)-2 at 5 C was calculated on the basis of the weight. For the dissolution of (RS)-2, the solubility of (R)-and (S)-2 was estimated from the optical purity of 2 obtained by filtration and its weight. The solubility data are summarized in Table 1 .
